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JIATIOKAI, MylSOHY CCMMHTEE FOB AERONAUTICS 

RES5AHJE M^MCgifflmiM 

AB Hriffi3TIGAT:oi; OP COBVERGEHT-DIVEUCEUT DHOTSEHS 

AT MACH DUMBER 1.S5 

By Dcilarquis D. Wyatt and Eenry B. Hunczak 

SJ&Sffif 

* An investigation has been conducted in the Cleveland 10- "by 
le-inoh supersonic timnol at a Mach number of 1.85 and angles of 
attack from Q" to 5U  to deturaiue optimum desifjn configurations for 
a convergent-divergent type of supersonic diffuser with a subsonic 
diffuser of 3a included divergence angle. Total-pressure recoveries 
in excess of theoretical recovery across a normal shock at a free- 
streaa Kssh nuisbcr cf 1.35 were obtained with aevoral configurations. 

The highest recovery for configurations without a cylindrical 
thr-at section •••as obtained with an inlet hairing an included cr/rer- 
gence angle of 20°, Insertion of a 2-inch throat section bctwoen 
a lü° included angle inlet and the subsonic diffuser stabilized the 
shock inside the diffuser and resulted in recoveries as hi-h ac 
0.356 free-strear. total pressure at an angle of attack of Gü, 
corresponding to recovery cf 92,4 percent of the ;;ineti-: energy of 
tho free air stream. Use cf the throat section also lessened the 
reduction in rocovorv of all configurations due to an^le of attach. 

niTBOIXJCTIOE 

iJiffusion of the froe air streaa in a manner that results in 
liaxii^iL: ti.tal-preG3rro recovery is essential to efficient operation 
of rao-jot siiciacj. ir.o particular nscusaity for determining the 
optima^ diffuser designs for supersonic ram-Jet engines is accentu- 
ated oy  the 1QÜ3C0 in total pressure associated with normal shocfc 
•..•avos. The effoct uf tho shoci: can bo aininized only through 
reduction of tin ,'iach nuaber at which thu 3hocls: occurs. Diffusers 
that accomplish this desired reduction in Mach number have bean 
pr.'posod by Osuaiitsch (reference l) and Kantrowitz and Donaldson 
(reference 2). Eoforoneu 2 presents tho theory of the convercant- 
divergent diffuser to-cthor with preliminary experimental results 
of such a diffuser et an angle of attach- of 0°. 

COKFIDEOTIAL 
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As part of a general study of supersonic iiffusers, a detailed 
program has teen undertaken at the NACA Cleveland laboratory to 
establish optimum deBlgn configurations for the convergent -divergent 
type of supersonic diffuser. Data have been obtained in the 10- by 
18-inch supersonic tunnel at a Mach number of 1.85 to show the effocts 
of inlet angle and straight throat length after contraction on the 
pressure recovery -\t ancles of attack up to 5°. The results include 
the effect of variations of the outlet flow area of the diffusers. 
Data are also presented for a diffuser havinc a cylindrical inlet 
with no contraction and for a slmplu diverging diffuser to serve as 
a comparative basis for evaluating the convergent-divergent type of 
diffuser. 

APPARATUS AND TEST PROCEDURE 

The diffuser combinations vero tested in the Cleveland 18- by 
ID-inch supersonic tunnel, which vas calibrated by measuring tho 
angle of an oblique shock generated by a cone. This method Is accu- 
rate to about 2 percent in determining the free-stream Mach number 
at the diffuser inlet. 

The complete test configuration consisted of a cylindrical 
section simulating a ram-Jet combustion chamber, a straight tapered 
subsonic diffuser with an included divergence angle of 5°, and 
straight tapered Inlets and cylindrical throat sections fitted on 
the subsonic diffuser in the desired combinations. The achomatic 
arrangement and principal dimensions of the model ore glvon in fig- 
ure 1. No fairing vas used at any of the Junctures betveen the 
component parts. 

The investigation Included tests of ID convergent, 1 cylindri- 
cal, and 1 divergent Inlet (fig, 1) alone and in combination vlth 
various-length throats. The principal dimensions of the inlets and 
a suianary of the inlet-throat combinations investigated ore given 
in table I. 

The inlet-throat combinations using convergent inlets are 
Identified In table I and will be referred to In the rest of the 
report according to the following practice: The first numeral 
Indicates the included convergence angle of the inlet T, the 
second numeral gives the geometrical contraction ratio of the inlet 
(nose area/mlnlnum area), and the third numeral shows the length of 
straight throat Boction L. (See fig. 1.) For example, configura- 
tion 5-1.190-0 denotes an inlet with T • 5° and a contraction 
ratio of 1.190 used without a throat section. 

CONFIDENTIAL 
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Tho locations of pit-it tubes, st'rtis-prcsauro orjftoca, on! 
pitot-atatio tubes usod In determining tho preaarre o-aillfcitan tt 
the entrance to tho oil dilated combustion chamber oi'e ah.Twr. in fig- 
ure Ü. Additional otatie orifices vero located la cue in'ots, t]M 
thronta, and tho Er.bGonic diffuaor for doternln'nß tho lonciUidJi.nl 
atatic-prosnuro distribution, The pressure tubes oonneoted to thjoc 
orifice.: vero carried nlont the outside surface of tho diffuser with- 
out external fairing» 

TJta?. i,roB3uroc in the free etroan at the diffuaor Inlets vero 
calculated from total prooourea measured In the tunnel aottlinjj 
chamber, "1\J ratio of freo-otroau total ;.rosaure to 30ttling- 
charfbor total presume had boon established for oac!> inlot position 
froa a previous tunnol calibration and those ratios ware assumed to 
be conatani. tbMttBnMt tho torts. 

All Breseurea wcro pb<.tO£.Tu;'iically reccrdod on • •ttltlple« 
trfbo mercury —BWrtsr« Air-ilrv OOO&ltloM abou*, the diff.'.ser 
inlet word obcorvod with a tvo-mirrur achlioren Dyateu and wero 
jccaoionally photograpiwt far record pnrpoaet. 

Coisf iteration 10-1.3 76-ii var^ j-iVoatiGacod at ancles of attack 
of 0°, 1°, 3°, and jai the other configurations wore tosted only at 
0° and ?°. At onch anale of attac^ tho back prossuro on tho 
diffuser outlet was changou by varying tho outlot ar&a of tho 
simulated combustion chamber by means of a eonicr.l pluc tit tho roar 
of the ticdül. (.Joe fi,-;. 1.) 

msuurs tm DISCUSSIOK 

Vhun the outlo'. raneage of the ciuulatod eorcbuoticn chaj'bor 
was closed, an uns-t indy oscillation of the ohocte bow wavo ohoad of 
tho djfi'uaor inlot m visually .-baoivad through tho schlioroi 
aycüi-üi for all e-rof icvmti.'.ns.    "ho typical :aov»tont of the shoclr. 
wrjve uo the outlet pnanugo wao oponi-d is shown In fituro 9 *oy tho 
scluioron photofcycipho of tlie ii-1,190-0 onnflayratloa at 5C anglo jf, 
attack.    At euall NttM   >f OBBbVoticn-charbar-o'itiit area co 
dlffuaor-inlo-ü aiva    (Ar,/A-,)    the ;tir flow through the noüel war. 
suffioior.t to stand;.- the norud ah.^alc ahead of the  inlet as ahown 
in fiyire 5(a).    llie shoe!: directly ahoad of Uta diffuser inlet 
appoara to be n?rir»"il to the air jtrcaa ra&hor than parallel to the 
diffr.aur-eatr'inco piano in this photf.-aroph.    Ti.iu relative position 
wan observed at a?l anglee of attae's.   Man   Ar//.^   va^; further 
increr3r.d the ttOHaal ihook moved tevar1- the talet (!".'•;. 3(b)) and 

coiirianTiAL 
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finally was entirely contained within the diffuser (flg. 3(c)). 
Oparat on at this final shock position Is considered desirable with 
this type of diffuser In order to avoid h:gh external noje pressures 
and to Increase the mass rate of air flow through the diffuser. 

Typical static-pressure distributions alone the Internal walls 
of the Inlet, the throat section, and the subsonic diffuser of the 
20-1.190-2 configuration are shown In figure 4 as the ratio of wall 
static pressure to free-stream total pressure, p/l'j. Progressive 
motion of the normal shock wave into the inlet and down the subsonic 
diffuser as the outlet area, was increased is apparent from the 
position of the sharp upward break In the pressure curve at the 
different conditions. At 5° angle of attack (fig. 4(b)) the pres- 
sure differential between the upper and lower surfaces of the 
diffuser (solid and dashed linos) caused by wave reflections and 
impact was rapidly damped. 

Static-cressuro dlstributl ms (,>/Po) at tho entrance to the 
combustion chamber for a typical eonfiguration are presented in fig- 
ure 5. The pressure-tube locations in figure 2 are translated to 
lie in a single vertical plane in tho plotting of figure 5; twj 
pressures are therefore plotted at ooch point. As expected, the 
static pressure across the combustion chamber was apparently eauallzud. 
The variations in total pressure recovery (P4/PC) shown in figure 6 
therefore indicate changes in the velocity distribution across the 
combustion chamber. Wall static pressure plotted as total pressures 
at the 1,8-inch-rodlus position give a means of ready estimation of 
dynamic pressure. For all configurations tho flow was almost uni- 
form thr .•'.!•-. the combustion chamber at all angles of attack for 
values of A5/A1 less than approximately 2.30. A nonunlfom 
velocity distribution occurred ut larger values of A5/A1• A sym- 
metrical hlgh-volocity region occurred at the center of the combus- 
tion chamber at 0° angle of attack. Tho peak velocity shifted 
slightly toward the top at 5° angle of attack. 

Static pressures measured along the top Internal surfaces of 
tho inlet and tho forward portion of the subsonic diffuser are 
presented in figure 7 for the configurations having the 1.190 
contraction ratio Inlets without throat sections. Supersonic flow 
was established Into the Inlets having included convergence angles 
from 5° to 20° for values of A5/A1 greater than approximately 0.9, 
as shown from tho low static pressures in the lnlots. The contraction 
ratio 1.190 used In those Inlets was selected prior to calibration of 
the tunnel on the supposlt on that the Mach number of the tunnol test 
section would be 1.39. Tills contraction ratio would rosult in over- 
contraction of the air stream at a Mach number of 1.85 and, according to 

C0HI7EESTIAL 
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one-dimensional theory, the shock would remain outside the Inlet. 
(See rsferenae 2.)   the difference between the tvj tin -h numbers, 
1.85 and 1.83, Is vlthln the precision of the tunnel calibration. 

Static pressures In the Inlets of the 30-1.190-0 and 40-1.190-0 
configurations remained high for all conditions of AE/Ai, show'ni.. 
that a normal shock occurred ahead of the throat. Visual observa- 
tion of the Inlets through the schlieren system disclosed, however, 
that the normal shock did not remain ahead of the inlets. It is 
believed that an lnversed bar shouk occurred Juot inside the Inlets 
in a manner theoretically predicted by Ferri (reference 3). 

The static pressures in tho '.nlets for conditions vhere the 
normal shock had entered are plotted in figure 8 to show the 
comparison with tho theoretical pressure distributions determined 
from considerations of the flow-turning engle alono. (See refer- 
ence 4.) In the determination of the theoretical curves it was 
assumed that the deflection of tho flow by the inlet lip was analo- 
gous to the deflection caused by flow into a ceraor utuial to half 
the included convergence angle of the inlet. The location of the 
measured pressures above tho respective theoretical pressures shows 
a flow compression indicative of transition from two- to three- 
dimensional flow, approximating the flow fi- :d analytically investi- 
gated by Forri. 

The total-pressure recoveries (!'<j/r(j) of HM inlets with 
1.190 contraction ratio are presented in figure S as a function of 
Ar,/Aj. The theoretical recovery as determined IT >m one-dimensional 
nomriscous theory based on a choking condition at the combustion- 
chamber outlet is included. (See the appendix.) 

According to theory, tho normal shock should Vave remained 
outside the diffuser with renultant total-pressure recoveries 
corresponding to a normal shock at a freo-strcam Mach number of 1.85 
for values of Ar/Ai less than 0 ..46. At this area ratio the 
normal oh. >ck should have entered the inlet and reestablished itself 
in the subsonlo diffuser at an uf stream Mach number of 1.85. A 

docrease in combustion-chamber-outlet area to give -i = 0.751 
Al 

should have moved tho sheck bock to tho throat where it would occur 
at the minimum upstream Mach number and give the maximum trtt.l- 
pressure rucovery. Conversoly, Increasing Ac/An abovu 0.046 
should have drawn the shock farther into the diffuser, resulting in 
higher upstrosm Mach numbers and resultant reduced pressure 
recoveries. 

C0NFIBEHTIAL 
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Pressure recoveries at very law values af A5/Ai approximated 
theoretical recoveries for a shock at free-stream Maoh nimbor Inas- 
much as tho diffuser was essentially operating as a total-hoad tube 
under these conditions. As A^/A^ was increased the measured 
recoveries fell bclnv the theoretical recoveries, owing to friction 
losses in the diffuser. The point of sharp change of curvature of 
the pressure-recovery curve occurred at values of Ag/A^ between 
0.9 and 1.0 for all Inlets, Indicating that a shoe!: wave first 
appeared In the subsonic diffuser at those a.va ratios. 

Recoveries with the shock InBlde tho aubsouic diffusor shoved 
good agreement In slope v'.th tho theoretical OUXTM, but the aroa 
ratios Ag/A| woru larger then the thaorotlcal values. Tho general 
shirt la attributed to doscropancleB between thv. .aoosiired geometrical 
outlet aroa A5 and the Id'.-al flow urea up in which the theoretlca3 
curves are based. Kriction effects contribute to the variations In 
displacement oirorip the sovera3 difi'iisors. 

The peakod rocovory curves obtained with inlets of 5°, 1C°, IS0, 
and 20° Included convergence an,-> Indicate that the nonaal shock 
wave was moved closer to the throat by a decrease In .'-.•-//•.t after 
the shock had entered tho Inlet. Die ßoneral tread of the data shows 
increasing values of recovery ae tlio lnlot anglo vas Increased. Tin 
max'juu.11 recovery measured vas 0.014 of the froe-stream total pressure 
(fig. 9(d)) and vas obtained with the 20-1.180-0 configurationa. 
Recovery curves for the .10-1.190-0 and 40-1.190-0 configurations 
show no peaks because of the strong Inverse bow vav>. ahead of the 
throat (reference 3.) operation 0/ the Inlets at 5° nngle of attack 
resulted In loss of most or al1 of the peaked recoveries present at 
0° angle af attack but otherwise had no effoct on the slope or mag- 
nitude of the recovery curves. 

The series of inlets deoigned with a contraction ratio of 1.176 
(slightly under the theoretical maximum for a /reo-otrcam Mach 
number of 1.35) gave recovery curves sixilar to those obtained for 
the inlets with a contraction ratio of 1.1SU but maximum recoveries 
were slightly lower, as had been theoretically anticipated.  (See 
fig. 10.) 

Data obtained frOB tests of tho o/lindricul inlet and of the 
inlet that diverged at ao Included tai^Ie of 5°, thereby forming a 
continuation of tho subsonic diffuser, ore presented tn figures 11 
and 12. Do poak in pressure recovery is theoretically possible with 
either inict. Comparison of the results from tests of the convtrglng 
inlets and t63ts of the cylindrical and diverging inlets 3how that 

1 
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the Jmprovod total• Jl1 iiMUlt recove.uea of tho oopva^lri inlets arc 
obtainable .-inly with clo3o control it   Aü/Ai.    All Inlets Showod 
•pyroxln&taly tha Bare cbaractBri3-Jc3 it 5" anßlo c" attach in*.c- 
rji;oh aJ peaked roc >verie3 were largely unrb balnabls v" tli the 
convergent lnlota. 

Ihr Mrrlmnn recoveries of the uovurai inlota erT.-ospondJiijj to 
conditions With tho mirool shoe!: iuailo tin difiYsor aro rtiuirar* lat. 
in figure j.3.    For thojo testa wltiiruo tliroata tfel s.uxJinnr) recovery 
MM obtained With tho EO-l.UC-u configuration; tho »laxinuin recover;,- 
oxcaoded the thoorotical rccovory behind :>. in nil  slior* nt a frte- 
BJjruaiB Mach nrasücr  lf 3..8R by 3 porcont. 

According to a thji.ry of shock-wave stability pg -joaod ty 
Kontrovltz (r',fii'cncc 5), Insertion of a straight threat uootlot: 
betvron tho Inlet and tho subsonic öli'fuaor slio"ld Wttlt In 
incroaaod proicur? voc.;\orloa bj docroasiin; the toudenejF of tho 
ahot.-!: to Jrap uh-.ad at tho lnlot when an uttuEn.it Is nude to locato 
It near tho ninlroa coctlon. 

Thront aoctlono 3., 2, and 6 inehoa In icrngth MM investigated 
to valldatt thl3 theory.    BtwtlO-pressttre distributions In tho 
inlets, the throats, and a portion of the subsonic dlffuriVir for 
enoh of tho configurations tnotod are uhoun in figure 14.    Kotontion 
of tho nomal Dine!: wave Inside tho diffuse? 03 ovldonced by lnlot 
atatlc treasures of tho order of 0.20 fi-oo-atroar. total p:oaaur" 
occurred at nlnlmi& values of   A^/A-,    of 0.331 fur tho configuration 
without tho throat, 0.806 for tho ?.-inch thront, and 0,860 f JV tho 
2>lnch tli-oat, thereby indicating oporation of tho throat..- aa 
theoretically anticipated.    (Son the appendix.) 

Su^orjonie flow war ncvor oniablishad into the inlet of tho 
configuration wilh U'a 4-inch throat owing to tho bv.lll-np of 
boundary layer.    Tho pr.3or.co of tho b>undery layer 13 r;h im by tho 
iec-eaal.ng static prosnuroa in th'j direction of air flew U) tho 
thr-Mit section. 

Tli- pi'ooouv- recoveries obtained with the cevnfi;; rations usod 
to invo3ti;3ato the of foot of throat length are presented in fig- 
ure lSj tho MHClMB rocrvorio3 aro plotted In fifjiirc 3.6 as a 
function of throat leni^th.    Timil llliil nf tho 1-lnch thv at rociltod 
In a 4.4>peroant incroauo In mmr*—IT presnuro r-c-very aa comparcl 
with tho roccvery of tho soico inJ.ot wloh no throat ond lnaertlon of 
tho --Inch throat resulted in an 6.2-percent increase.    Use of tho 
4-inch throct rection docroa3od tho JUOJCLI'.Uü rooovery owinn to 
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failure of tho Bflnal sheek wave to enter tkfl inlct.    All oonfl^ura- 
ttOM pn apprazlxatoly tho aene results aft b"5 onglt; of attnokj a 
pross»ra pe?Jc was un->utainaDlo, 

The roavlts jf aov-iral inloto tected In eoB&lnatlan vith the 
2-inoh throat to detorilno +ho poasfbi^itloE uf ocmb!ninc tho peal; 
recoveries of tho Inlets and tho throat ohowud c-moleioi.tly high 
v.jeivorieo With all BOabtaationat    (Gee fl,-js. 17 ar.'l K'.)    Tho ritixi- 
nuB recover;' (ft0a 10) wae bbtalnod with (maller itilot oonvurr;enco 
anijlua than waa t'.ie saso in the oonflcn'atioiij with no throats 
(fi(j. 13); the BtlTtWir total-preSBuro recovoiy of Q«888 frao-ntreen 
total pveeauro vn.j 'stained with tho 10-1.176-2 oocfiaaratlon,    The 
recovery of the 20-;..170-2 corflgurmtlon wac gpaata* t>an tlio 
rnc •very with the I.ü-l,lCü-L configuration, whic]-. voa <x muHl of 
the rooulta fron aha ooj.it intet* without throat leatlotiB. 

BM BHdtaua reesveriea of tho aaWflgurctloiM hnvln..: tho 2-lnch 
throat atetlcn rouiiiied ncuewbat bisher c.t incr ja.lnc onßlc B of 
attack than did t:;o oonflgnrotlooa without throats,   Tho wartwna 
rocoveriea (with tha ahoo!: nwullnvod) of the 10»1.176»! OCjafi .jurat i. in 
at several angles of attack fr • 03 ^o ;:° aru shown In fJtjurc 19 na 
a i'uncti.m of one'e of attacki 

The nunrwlEad data of fir>vrou 1?, 15, and 10 ore proru.nV.i la 
f'Guroo 20 and 2>. la terr.a of the cnor^y efficiencr of iho diffvacr. 
Tho «.'nurgy erfici-nc;.-   tj    ij defined aa the port:'.n of ntailafcls 
kinetic anov;;y in the free air 3troan that :a reoorcrod in the 
diffusion process.   Tho equation fr.r this value in toins of the trtoJ 
•ureaanrea in tho fr o r.troa- nail at the diffuser ovtT.ot la developed 
in MfunM « and. In tho notation of t'.o jMNBt MV**« ia: 

V IV"7 

„horo   Pr.   an;'    F4   are the t tar pi-oaauros la tho froo atroaj: and 
at the difl'usor outlet, rospoovlve^y, and   My   ia tjM fro«« slU'can 
Mach nuubur. 

Tho naxlniua efficiency for tho cjnfT.ratl.ino without throat 
auctions was obtained with the- SO-i.lSO-Q oaafl0ivatioa| »1.* percent 
of tho hlnotlc entrcy 'tf Vb» froo a"r otr ar.i wan WWWWI.    Addition 
of tho 2-inch throat result«! 'n r. uaxJiiu;.! atfieieaaj of 02.4 pavoMtt 
foi' the 10-? .176-2 c-iiri;J

,.u*nti.?n. 
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SUMMARY OF RESULT3 

As part of a general study of supersonic dlffusers, an investi- 
gation of several inlet and throat combinations tested at a free- 
stream Hoch number of 1.G5 In a convergent-divergent diffuser 
arrangfiment with a subsonic diffuser of 5° Included divergence angle 
gave the following results: 

1. Total-pressure recoveries In excess of the theoretical 
recovery across a normal shock at a free-stream Mach number of l.SS 
were obtained with a uumber of configurations. The maximum total- 
pressure rucovory was obtained with an inlet having a contraction 
ratio of 1.176 and an included convergence angle of 10° operated In 
combination with a 2-inch straight throat section between the inlet 
and the subsonic diffuser. The throat was found to stabilize the 
shock Inside the diffuser. The maximum pressure recovery at 0° 
angle of attack with this conflguratlon was 0.H38 free-stream total 
pressure and corresponded to recovery of 92.4 percent af the kinetic 
energy of the free air stream. 

2. Conf l(3urations tested without throat sections gave highest 
recoveries with on Inlet having an included convergence angle af 20°. 
Inlets having a contraction ratio of 1.190 gave slightly higher 
recoveries than corresponding inlets of 1.176 contraction ratio. 

3. Operations of configurations at 5° angle of attack resulted 
in reduction of thu maximum total-pressure recoveries obtained with 
the shock Inside tho diffuser to below the theoretical recovery 
behind a shod: at free-stream Mach number. The use of a 2-inch 
throat section lessoned the reduction in reoovery due to angle of 
attack. 

4. The velocity distribution at the outlet of the subsjnlc 
diffuser was found to be reasonably uniform for all configurations 
at ratios of combuaMon-chaabor-outlet area to diffuser-lnlot area 
required to maintain the normal shock near the throat of the diffuser. 

Airoraft Engino Research Laboratory, 
National Advlsiry Committee for Aeronautics, 

Cleveland, Ohio. 

CONFIDENTIAL 



COHFIDEHTXAL HAG A BM Ho. E6K21 

APPEIDIX - CALCUUTIOH OP THEORETICAL TOIAL-PEESSUTO: 

BECOVKOt AS A FUHCTTOH OF THE RATIO OP 

ca4BU9rion-csi\MBZR-auiLnc AREA TO 

HnrraEK-inrji AEEA 

The theoretical total-jress-vro-recovory curves in figures 9 
to 18, and figures 15 ami 17 were haoed on an assumed one» 
dlnonaional. nnnvlscuus air flow according to the following analysis: 

It can DO shown that the equation m = PVA for the mass rate 
of air flow a through a closed channel otui he rewritten In terms 
of the Mach numhor il aa 

* - {{ ?AM *.*-$* (2) 

! 

where 

a mass rate of air flow 

p density 

V velocity 

A flaw urea 

7 ratio of specific hoat at constant proacmro to specific Ueat 
at constant voluce 

H yan constant 

T Stagnation temperature 

V total pressure 

M Mach number 

If the air floving throvvJi th9 diffuser ontoru vrlth froo-straom 
velocity (that is, thu shod-; la avall-jwed), tl;o nans flow is cor.csant 
irrespective of outlet conditions i»nä nay he determined from eorji- 
tlons of any point In the system. If flow through the diffuser and 
the simulated conhi'stion chonDor without heat transfer is aspiued, 
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the Stagnation temperature of the air la unchanged. From conserva- 
tion of mass, the relation between the total pressure and the flew 
area at the Inlet to the diffuser and at the outlet of the simulated 
combustion chamber can therefore be derived from equation {''.)  as 

ä^TT 
(3) 

whore subscripts 1 and 5 denote conditions at the dlffuaor Inlet and 
the simulated eombustion-chamber outlet, respectively. 

The total pi'es3ura at the diffuser outlet £4 can be substituted 
for Pg by assuming frietionless flow; l\   can be replaced by the 
free-stream total pressure ?0; and Mj_ can be roplrxed by the freo- 
Btream Mach number l-\. because tho shock is assuned to occur inside 
the diffuser. Sonic velocity occurs at the combustion-chamber outlet 
and M5 has a valuo of l.C. Therefore equation (3) reduces to the 
form, 

r+1 

cwK-SS (4) 

The right-hand member of equation (4) is tlie reciprocal of the 
lsentropic area ratio required to accelerate the air from sonic 
velocity to Mach nuuber Mg and is a constant for any given flight 
Mach number. At Mach number 1,35 the value of the constant is 
0.669 {7  . 1.400). 

The highest recovery for wMch equation (4) is valid is the 
recovery across a normal shock located at the thront of the diffi.aor. 
This valuo must be determined from one-dimensional calculations 
applied to the 3lvon configuration. The area ratio Atj/A^ thoreby 
determined Is the minimum for retention of the normal shod: Inside 
the diffuser. Any further reduction in Ag^ forces the :v>rmal 
shock wave ahead of the diffuser, where it occurs at froo-streau 
Mach number, and the total-pressure recovery remains constant at the 
froe-Btream Bhock-racovery value. 

An inoreaso in Ag/A, moves the normal shook downBtream from 
the throat of the diffuser and decreases the total-prossura roeovory 
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according to equation (4) as tho shock occurs at progressively higher 
Mach numbers. 

Tho minimum pressure recovery satisfying tho conditions of 
equation (4) Is tho value that gives sonic velocity at the combustion- 
chamber outlet with a static pr..ssuro Just q'ial to tho frua-stroam 
static pressure. This minimum total-prescuro rooovery la Independent 
of tho configuration and Is given by the formula. 

fib 1 + 2.-1 

yl + Zjr^Mo 
(5) 
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v/eax i - taxt DUCNSI :JE ACT SU»I.;AHY 

lnlut-tltr.-a'-. In.'.et nose In1 at iongth 
»Cf'ü.  1) 

ÜSiroe!. length 
c-mbinn-tii-i dia-iet.-jr L(flft.   1) 

W P.(fif!.   1) (in.) (in.) 
(ta.) 

B-1.18O-0 1.662 1,803 0 
10-1,190-0 1.662 • CC3 0 
13-1,120-G 1.662 ..131 0 
BO-1.100-0 1.661 • Ä7 0 
80-1.190-a 1.3C2 .:^7 Ji 
30-1,190-0 1.668 .201 0 

!   40-1.190-0 1.888 .198 c 
8-1.176-0 1.S72 1.4f 3 0 
3-1.176-1 1.672 l.iea 1 
8-1.176-2 1,678 3.4cr: £ 
5-1. L78-4 1.C72 1.488 4 

10-1.178-0 l.C-72 .743 0 
10.1.176-2 1.G72 .743 2 
18-1.176-0 1.678 .«4 0 
15-.\.?.7(.--2 1.672 .:.-i 8 
80-1.176-0 1.C72 .162 > 
80-1,176-8 1.C72 • iJGO 2 
Cylindrical 1.542 .'J55 n 
Dlvmraln« ] ACA 1,081 o 

"Tho fire- nun.'.i'nl indicated t,hu lncl>i1ed convorccnco 
angle >f the inlet  T, the Moond w wirrt! gives 
Iho ro?i:ctrie.il MOtanction ratio of th" inlet 
(n.oo nnniitonllHW VN)(  an'', the third .uusoral 
aj.owj the length of atralgjit Uurost notion *,. 
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Figure   3.   -   Schlieren   photographs   of   air   flew   about   diffuser 
inlet   for   several   outlet-inlet   area   r    :ios, 
1.85;    angle   of   attack,    5°. 
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5 

1 0 1 S 3 
Distance  from aubaonle diffuser Inlet,  In. 

(a) B-1.190-O   configuration. 
Pips'« 7.- Static-pressure  distribution along top of Inlet 
and subsonic  diffuser with no throat at angle of attack of 0°. 
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Distance from subsonic  diffuser Inlet,   In« 
(b) 10-1.190-0 configuration. 
Figur» 1.- Continued,     static-preasure distribution along top 

of Inlet and subsonic diffuser «1th nn throat at angle of 
attack of 0°. 
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l      o      l      a      s 
Olstance from subsonic diffuser Inlet, in, 

(c) 15-1.190-0 configuration. 
Figure 7,- Continued, static-pressure distribution along top 

of Inlet and subsonic diffuser with no throat at angle of 
attack of 0°. 
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3 

10 12 3 
Distance from subsonic  diffuser  Inlet,  In. 

(e)  30-1.190-O configuration. 
Figure 7.- continued,    static-pressure distribution along top 

of  inlet and  subsonic diffuser with no  throat at angle of 
attack or 0°. 
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10 18 3 
Distance from subsonic diffuser Inlet,  In. 

(f) 40-1.190-0 configuration. 
Figure 7.- Concluded.    Static-pressure distribution along top 

of Inlet and subsonic diffuser elth no threat at angle of 
attack of 0° 
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(a) 5-1.190-0 configuration. 
Figure S.- Effect of combustion-chamber-outlet area on average 

total-preisure recovery with no throat at contraction ratio 
of 1.100. 
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.4 .8 1.2 1.6 8.0 8.4 
Outlet-Inlet tru ratio, A5A1 

(b) 10-1.190-0 configuration. 
Figur« 9.- Continued.    Effaet of eombuatlon-ohamber-outlet area 

on average total-pressure recovery «1th no throat at eontraetlon 
ratio of 1.190. 
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Figure  9.- Continued,     Effect of combustlon-chamber-outlet 
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contraction ratio of 1.190. 
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(e)   50-1.190-0 configuration. 
Figure   9.- Continued.      Effect  oT   cornbustlon-chamber-outlfet 

area   on average   total-pre6aure   recovery with no throat  at 
contraction ratio  of 1.190. 

CONFI DENT I AL 



NACA    RM   NO.     E6K2I CONFI DEM I AL Fl 9-     9' 

l 

NATIONAL  ADVISOIIV 
COMMITTEE   FOB  AERONAUTICS 

.90 

| / 
-Thae ratlc al Angla ol 

attack 
(dag) 

O       0 
a     s .no 

I 

-       j -1 
I 

.70 
\ 
\ 1 Q 

.60 

\     \ 
\ 
\ 

.50 

\   \ 

\ \ \ \   \ 

.40 ^v L 
V 

> oa 

.30 

"- LX _. 

.80 
.4 .8 1.8 1.6 2.0 

Outlet-Inlet are» ratio, *sAj 
(f) 40-1.190-0 configuration. 
Figure 9.- Concluded.     Efreet of combustlon-chamber-outlet 
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(b)  10-1.176-0 configuration. 
Figur« 10,- continued.    Effect of combustion-chamber-outlet 

area on average total-pressure recovery with no throat   at 
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